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Dr. Norman

Cranial Nerves and Brainstem

SN:  The first part of the lecture consisted of slides from various lab sections.  It was mostly “what is this?”.  I’ve listed everything that was named.  The second part of the lecture involved lesions with a handout to draw on.  I’ve attached that separately with the lesioned areas drawn.  

I. Intro:  In the past, the motor systems have been covered before the second exam.  The key to a lot of the brainstem lesions involve the motor systems.  There is a lot of stuff on the web in the area of the brainstem about motor deficits with brainstem injury.  We are going to focus on the cranial nerves. It is a combination of cranial nerve sign with the hemiplesia on the body that is useful in clinical diagnosis of brainstem lesions.  The questions on the test will be geared at the combination of lesions.  But it will only talk about damage to the corticospinal tract as opposed to some of the other lesions that involve reticular formation and areas of the brainstem that impinge on motor function.  We are going to focus on the brainstem lesions today by starting with the brainstem anatomy that you need to know.  

II. The “point and name” portion

1. Slide #1:

2. At the cervical spinal region  (The spinal cord is susceptible to damage because of length and size)

3. Damage to the spinal cord will cause hemiplesia.  Half of the body will be paralyzed – either the arm, leg or both.  Hemiplesia tells you that there is damage somewhere in the corticospinal tract from the cortex to the end of the spinal cord.  If it is below the cervical part, the arm will not be involved.

4. Three systems that run the entire length of the spinal cord (and are useful for clinical diagnosis)


a. Lateral corticospinal tract

b. Dorsal columns – discriminative touch and proprioception

c. Anterolateral system

5. Test questions about areas of damage to the cord will relate to hemisections of the cord and the vasculature system distribution.  For the vasculature system:

a. The 1/3 dorsal part of the cord is supplied by the posterior spinal artery

b. The 2/3 anterior part is supplied by the anterior spinal artery

6. Spinal thalamic is an easy one to test.  Going up the dermatomes with a pin you can tell where senses are lost or preserved.  Sensory loss is the key to the level of the spinal cord damage.  If you have paralysis in the leg but not in the arm, it could be anywhere in the thoracic cord.  But by testing the dermatomes you tell where the lesion is.

A. Slide #2

1. Where does the corticospinal system cross?  At the junction of the spinal cord and medulla.

2. The location of the crossing is the key to your understanding of clinical presentation

3. Dorsal column system

4. Gracilus nucleus

5. Fibers cross and will eventually pile up to be the medial lemniscus

B. Slide #3

1. At the lower part of the medulla is where the topography starts to change

2. Damage to anything above the junction of the spinal cord and medulla will cause contralateral paralysis.

3. Medial lemniscus

4. Beginning to get the hypoglossal nucleus

5. Since the corticospinal system is on the ventral surface.  This is where some of the CNs exit.  

6. In this area, CNs  and corticospinal tract are supplied by the same vasculature.  This is why there is commonly CN damage with corticospinal tract damage.

7. MLF.  It runs in the same position all the way through the brainstem

8. Solitary tract of nucleus

a. Rostral part will be taste

b. Caudal part has chemo/baroreceptors

9. Central gray

10. Spinal trigeminal nucleus and tract

11. PICA supplies this area.   This is always on the Boards.

C. Slide #4

1. Lateral to the hypoglossal nucleus is the dorsal motor of X.

2. Nucleus ambiguus (can’t see).  

a. Runs all the way through the medulla

b. Contributes to the innervation of IX, X, XI

D. Spinal thalamic system.  This is typically involved in PICA syndrome.  Damage to the anterolateral portion of the spinal cord (damage to spinal thalamic tract) will cause contralateral sensory deficit.

1. Slide #5  A little higher up… 

2. Hypoglossal nucleus

3. Medial lemniscus

4. Inferior olive

5. MLF

6. Solitary nucleus

7. Dorsal motor nucleus of  X

8. Hypoglossal nucleus

9. Inferior cerebellar peduncle – sensory information going into the cerebellum

E. Slide #6

1. We are just above the obex

2. Vestibular system (a large group of nuclei)

a.  Involved with PICA damage

b.  Unilateral damage will cause nystagmus  (a key for damage to the vestibular nucleus)

3. Medial lemniscus at the dorsal edge of the olive

4. MLF

5. Hypoglossal nucleus – fibers will come down and exit between the olive and corticospinal tract

6. Restiform body or inferior cerebellar peduncle

F. Slide #7

1. CN VIII comes in.  Damage can cause acoustic neuroma which causes problems with auditory information

2. Spinal 5th tract and nucleus

3. Nucleus ambiguus 

4. Spinal thalamic fibers

G. Slide #8

1. At the junction of the cerebellum and pons

2. Spinal 5th tract and nucleus

3. Motor nucleus of VII.  Fibers run over the top of abducens nucleus and exit laterally to the abducens nerve

4. Abducens fibers come down more medially (can’t really see them)

5. Pons beginning to form

6. Middle and inferior cerebellar peduncle

7. Superior cerebellar peduncle is beginning to exit

H. Slide #9

1. Vestibular nuclei

2. You will talk about the cerebellum for the next test

I. Slide #10

1. Abducens nuclei.  From above this is the facial colliculus

2. Internal genu of VII

3.  Spinal 5th tract and nucleus

J. Slide #11

1. Medial lemniscus being pushed up, so the feet are lateral.

2.     Spinal thalamic is lateral to medial lemniscus

3. Chief sensory nucleus to V is lateral.  Medial to it is the motor nucleus of V.

4. Proprioceptive nucleus of V

5. Mesencephalic nucleus – lies in the lateral edge of central gray  (can’t really see it)

6. Anything below the medial lemniscus (in the area referred to as the tegmentum) is considered the basilar portion of the pons

7. The trigeminal thalamic tract can be damaged and lies in a dorsal position to the medial lemniscus.

K. Slide #12

1. Medial lemniscus

2. Superior cerebellar peduncle 

3. Trochlear nerve.  Rarely damaged by itself.  If you get a vascular lesion you aren’t too worried about eye movements.

L. Slide #13

1. Junction of the pons and midbrain

2. Inferior colliculus  - association with auditory senses

3. MLF

4. Medial lemniscus

5. Anterolateral system

6. Superior cerebellar peduncle

M. Slide #14

1. Brachium of superior colliculus – carries fibers from the retina for pupillary light reflexes

2. Decussation of brachium conjunctiva

3. MLF

4. Middle 3/5 of cerebral crus

N. Slide #15

1. Rostral part of midbrain because oculomotor nucleus is here

2. CNIII fibers run through the superior cerebeller peduncle and exit medially to the cerebral crus

3. Supplied by posterior cerebral artery .  A lesion can involve both III and cerebral crus

O. Slide #16

1. Junction of the mesencephalon and diencephalon

2. Red nucleus

3. Oculomotor nucleus

4. Edinger-Westphal - lightly colored center of III and is the origin of the parasympathetic component of III

5. Mesencephalic nucleus of V

P. Lateral geniculate body.  You can see the optic tract coming into that.

Q. Slide #17  (“This is in every book we’ve ever used”)

1. Shows the relationship of pineal gland to the posterior commissure in the area of the superior colliculus

2. One of the first symptoms in a pineal tumor is the loss of upward gaze

3. Question:  Are the vertical and lateral gaze centers located in the superior colliculus or just outside of it?  Answer:  Lateral gaze center is adjacent to the abducens nucleus in the pons – paramedian pontine reticular formation (you can’t see it).  Vertical gaze center is in the anterior region of MLF.  You won’t be asked specifically where that is.

III. Corticobulbar projections handout.  This is not something to memorize.  With vascular lesions in the brainstem, there are some typical ones that are in the distribution of the main arteries.  Some of the details of the drawings are not anatomically correct.

A. Corticobulbar projections

1. Lesion #1

a. VII and XII are the only two nerves that have only contralateral projections from the cortex.  It is only the lower part of VII that innervates the lower face.

b. A stroke that involves the motor cortex or the posterior limb of the internal capsule causes lower facial paralysis on the same side as we see in the body.  We will have spastic paralysis or hemiplesia.  If that stroke is up high it effects the lower face.

a. Lesion #2  (the top #2)

b. Shows a vascular lesion that gets the nucleus or the nerve.   The nerve goes through a bony canal and we can get compression of the nerve.  If it is the nerve or the nucleus it will involve the entire face.  That is the key to understanding LMN damage to the face.  

c. If someone comes in and complains that food is falling out of their mouth, it indicates damage to the lower face.  If it includes the forehead it has to be LMN damage.  That part of the nucleus is supplied by both the ipsilateral and contralateral cortex.   It can’t be UMN damage.

2. Lesion #2 (the bottom #2)

a. Damage to XII is also indicative of LMN damage.  Typically you can have a damaged ventral part of medulla.  The lesion involves the lower motor neuron of XII.

b. The action of the muscles supplied by the hypoglossal is tested by deviation of tongue via the genioglossus muscle.   (Deviation toward weak side)

c. If we have a total facial paralysis and we suspect that that lesion is in the brainstem, the lesion has to be in the lower pons where that nerve exits.

d. Likewise with XII if we have a lesion where there is atrophy of one side of the tongue, the lesion has to be in the medulla.  That is where that cranial nerve exits

B. LMN lesions of VII and XII will tell you where lesion is.  VII has to be in the pons, and XII has to be medulla.

C. Eye movements

1. Lesion A

a. Can occur with a stroke  (left frontal eye field)

b. Left motor cortex controls the right lateral gaze.  This is called aversive eye movements/fields

c. The acute effect of a stroke to this area is paralysis of right lateral gaze

d. This is temporary.  Eventually your brain will figure it out and the other side of the brain will take over.

e. These are voluntary eye movements of the frontal eye field.  These are called saccades (rapid, ballistic eye movements).  As opposed to the occipital lobe which controls pursuit.  

2. Lesion B.  If a lesion involved either the paramedian pontine reticular formation or CNVI, you will get ipsilateral paralysis of gaze (as opposed to a vascular lesion in the ventral part of the midbrain).

3. Lesion C

a. Lesion is in MLF

b. Typically seen with multiple sclerosis

c. Important for coordination of eye movement, particularly conjugate eye movements

d. If we have a lesion of the left MLF, when you look to the right the left eye will stop in the midline.

e. Can be bilateral (and typically is in MS).  If it is a vascular lesion it usually only involves one side.

f. Convergence is still possible, because convergence doesn’t depend on anything below the nucleus.  It is driven by the occipital cortex and midbrain mechanisms.

g. Internuclear opthalmoplesia = paralysis of one eye during lateral gaze to move to the midline.  They can still converge because these are disconjugate eye movements.  They are not controlled by the lateral gaze mechanisms

4. Lesion D

a. Lesions to oculomotor nerve itself.  

b. It will paralysis all of the muscles supplied by III. There will be slight deviation because of the lateral rectus (unopposed pull).  This is called external strabismus, and the eye cannot move to midline.

c. Will have mydriasis (dilation of pupil).  This term may show up on the Boards.  Remember that we can’t even tell you what words mean on the test.

III. Lesions handout

A. Lesion #1

1. Hemisection of the cord or Brown-Sequard syndrome

2. Paralysis of ipsilateral limbs.

3. Contralateral loss of pain and temperature

4. Ipsilateral loss of proprioception

5. The level of sensory loss is key to where the lesion is.

B. Lesion #2

1. Lesion of central canal called syringomyelia

2. Canal continues to expand

3. Interruption of crossing fibers gives bands of anesthesia all around the body specific to the dermatomes involved. 

4. It is basically a fluid filled cyst that develops in the remnant of the old central canal of the cord.  It is closed off and fluid builds up.  

5. Q/A (from class):  Band of anesthesia is restricted to a specific dermatome and doesn’t extend up or down.

C. Lesion #3

1. (A standard slide of Circle of Willis was put up)  The major portion of the medial part of the medulla is supplied by the anterior spinal artery.  Occlusion of the anterior spinal artery will give specific symptomology.  

2. Lesion involves the corticospinal tract = Contralateral hemiplesia

3. Involves the medial lemniscus = Contralateral loss of position sense

4. XII exists in this region = ipsilateral nerve sign  

5. Alternating hemiplesia = cranial nerve sign is on the opposite side of the body sign.  This means the lesion has to be in the brainstem.  You can have this with CN III, V, VI,VII and XII.  The CN involvement tells you where the lesion is in the brainstem.

D.  Lesion #4  PICA syndrome, Wallenbergs, or Syndrome of the lateral medulla

1. PICA involvement

a. Can be from the lateral medulla into the lower pons.

b. Involves inferior cerebellar peduncle = gate problems or ataxia (problem walking)

c. Spinal 5th nucleus and tract involvement = ipsilateral loss of sensation to the face

2. Anterior spinal artery involvement

a. Anterolateral system = contralateral sensory loss to the body

b. Nucleus ambiguus involvement = dysarthria (trouble swallowing, vocal cords are paralyzed on one side, nystagmus)

3. Involvement of sympathetics descending in the reticular formation (can’t see them) = ipsilateral Horner’s syndrome

E. This is key.  If you have ipsilateral sensory loss to the face and contralateral sensory loss to the body, it has to be from where that spinal 5th tract start all the way down to upper part of the spinal cord.  You can have this constellation of symptomology

F. Lesion #5     

1. Paramedian distribution 

a. Contralateral hemiplesia

b. VI exits here = left eye deviated medially (medial strabismus)

c. Causes ipsilateral cranial nerve sign and contralateral body sign (tells us it’s lower pons)

d. Can involve medial lemniscus = contralateral loss of proprioception

2. AICA

a. Gives similar symptoms as PICA but involves CN VII.

b. 7th nerve palsy involves both upper and lower face  (means lower lesion)

c. Can have central signs like Horner’s

d. If lesion is big enough can involve the motor supply to the muscles of mastication as well as total sensory loss of the 5th nerve.

e. Question:  Will it involve ataxia?  Answer:  It will involve some ataxia because of vestibular and cerebellar interruption.

3. Thrombosis in basilar artery

a. Area from the dotted line and below is involved.

b. Causes “locked in” syndrome.  Patient is conscious, can hear and move eyes but is totally paralyzed.

c. [SN:  According to Kandel the “locked in” syndrome includes all of the lesions that Norman drew, but Norman seemed to differentiate between the basilar artery and other vascular lesions.  I’m not sure which is more correct.]

G. Lesion #6  

1. The median branches of the posterior cerebral artery supply the ventral midbrain.  Corticospinal and corticobulbar fibers lie in this region.  Loss is contralateral.

2. Third nerve palsy

a. Eye will deviate laterally because of paralysis of medial rectus

b. The balance between the lateral and medial rectus are a “give away” to III and VI lesions.

c. Person will turn head slightly to line the eyes up

d. Ipsilateral because it is LMN

3. If the lesion is high enough up you can get signs of VII and XII

a. These will be UMN lesions and contralateral

b. Paralysis of lower face. 

       4.  Question:  What artery is involved?  Answer:  Posterior cerebral artery 

IV. The pathway for lateral conjugate gaze  (see diagram below)

A. This diagram looks at the vestibular response to head movement and caloric response

1. If you rotate the head to the right, movement of fluid in the horizontal semicircular canal will be ampullofugal (towards the ampulla) and is stimulatory.

2. Information from the (right) vestibular nucleus crosses the midline and stimulates activity in the contralateral abducens nucleus.

a. Some information (from the left abducens nucleus ) will go to the left lateral rectus and stimulate it to contract (turning the eye to the left)

b. Other fibers will cross and travel in the MLF and go to the contralateral oculomotor nucleus which will then stimulate the right medial rectus to contract and turn the eye to the left. 

3. This means that when you turn the head to the right, your eyes will turn to the left.

4. This eye movement is the slow component (to the left).  Nystagmus will be to the right and is the fast component.

B. Caloric response

1. To test this pathway you don’t want to move the patients head (may have neck injury), cold water is squirted into the ear 

2. In this situation the patient is in a horizontal position and this causes the horizontal semicircular canal to be vertical.

3. Cold water squirted into the ear will cool endolymph causing it to flow down.  Movement will be ampullopedal (away from the ampulla) and it will be inhibitory.

4. If cold water is placed in the right ear, the eye will drift to the right and then there will be nystagmus to the left.  

5. COWS pneumonic, (cold – opposite, warm –same)

a. Cold water in the ear will cause nystagmus to the opposite side

6. Warm water in the ear will cause nystagmus to that side (same side)

7. If the pathway is intact, then you can test it from the vestibular nuclei to the oculomotor nuclei (entire brainstem)
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